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Abstract 
Industrial companies face the situation that customers demand more and more individualized products. This results in an increasing number of 
product variations and in batch sizes which tend to one. The essential decisions to ensure resource efficiency in this context are part of the 
product development. It has to be decided if it is possible to fulfill customers’ requirements by adapting existing products and parts, or if a new 
design is necessary. On the one hand, this is a technical question, but on the other hand, it is important to be able to estimate the costs of such 
decisions reliably. State of the art is that relevant information is spread across a company in different information systems and rarely available 
within an appropriate time. But an important step to support such decisions is to identify similarities between products based on their technical 
properties and to combine this with relevant economic information. This paper proposes a concept for the aforesaid task. 
The applied methodology is based on the design science approach: Various interviews with experts from German industrial companies deliver 
the requirements for the concept. The approach uses feature-technology which is the basis of the digital product model. Each part is described 
completely by the total amount of all features and their corresponding parameters. Features extracted from computer aided design (CAD) 
systems and loaded into a Business Intelligence infrastructure offer the possibility to analyze various parts on the feature-level.  
The results reveal that Business Intelligence is able to provide an adequate basis for decision-making in this context. It is possible to combine 
the relevant manufacturing and economic information with original product data from engineering and, therefore, to deal with an increasing 
product variety. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 
2015. 
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1. Introduction 
Companies increasingly face the situation that they cannot 
survive on the market with throughout standardized products. 
Customers’ demand for individualized products grows, so 
companies have to realign their product portfolio and 
processes to match the customers’ needs. This affects more or 
less the whole product life cycle, but especially the product 
creation process at its beginning [1]. 
The product creation process can be divided into four 
phases as shown in Fig. 1. In a pre-phase, product ideas are 
defined. They can be e.g. generated in workshops or identified 
by market research. The so defined product ideas are then 
outlined in the product development phase. Scratches of 
different realization possibilities are produced and discussed. 
Afterwards, the chosen possibility is constructed. 3D models 
and drafts are created which are the basis for the following 
production development phase and the manufacturing phase in 
which the product is produced [2,3,4]. 
Product development and production development move 
more and more together. Companies recognize the potential 
financial savings that result in an early reconciliation between 
a new product and the possibilities of producing it [5]. 
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An increasing number of individualized products results in 
an increasing complexity for a company. A way of dealing 
with such complexity is to extend the physical product by 
product specific services and coordinative aspects, e.g. 
regarding the integration in the manufacturing system of the 
customer. This extended offer may help to meet customer 
requirements. Technical changes of the physical product could 
be partly reduced, but they cannot be substituted by services 
or integrational aspects [6]. Therefore, this paper focuses on 
the physical product. 
A development towards individualized products implicates 
changes along the whole product creation process and affects 
more or less all the phases. Companies have to cope with the 
fact that batch sizes decrease and tend to one, or in other 
words, the number of product variations increases. This may 
result in increasing development costs. For the manufacturing 
phase, concepts are widely discussed in current research and 
praxis, e.g. under the headlines Industrie 4.0 [7,8] or 
Manufacturing 2.0 [9]. Product development as the defining 
preliminary phase and the connection between customers’ 
needs and manufacturing is only incidentally part of these 
discussions. But 70 percent of manufacturing costs are 
determined in this phase [3]. 
An established way to deal with large product variety is to 
define modules for certain functions. It is intended to get 
economies of scale while gaining the opportunity to fulfill 
diverging customer requirements [6]. The increasing number 
of individualized products may overload current structures in 
product development. Therefore, the aim of this paper is to 
propose a solution for the support of product development in 
the situation of an increasing number of individualized 
products on the one hand and of coping with component 
variety on the other hand. It is investigated how product 
development can be supported in order to offer individualized 
products while simultaneously keeping the number of the 
component variations small. Essential for decision support is 
the easy access to relevant information. This is discussed in 
sections 4 and 5. Thus, it is necessary to outline which 
information is needed. For the derivation of this information 
demand, the relevant tasks have to be investigated [10]. Based 
on these tasks, the information demand can be determined. 
Hence, in the first section, the tasks that have to be carried out 
in order to transform customers’ requirements in producible 
products are outlined. Then, a possible concept for the support 
of product development is proposed. 
2. Research methodology 
This paper is based on the research methodology of design-
oriented information systems research. This approach consists 
of the phases analysis, design, and evaluation [11]. The paper 
is situated in analysis and design. In the analysis phase, 7 
interviews with experts were analyzed to identify the 
information demand and to determine the current situation 
regarding information supply. The interviews took place in 
the context of other research projects between September 
2011 and February 2015. Each expert had a longtime 
experience in product development or manufacturing in the 
German mechanical engineering industry. An interview took 
approximately 1.5 hours on average. Based on the results 
from analyzing the interviews, a first concept proposal is 
discussed in the design phase. 
3. Tasks of product development 
3.1. Sub-phases of product development 
An established and frequently used way to systematize 
possible tasks in product development is shown in Fig. 2. The 
development phase can be divided into four sub-phases 
according to the German Association of Engineers (VDI) 
[12,13,14]: task definition, conceptual design, embodiment 
design, and final design. These phases are rarely carried out 
successively in praxis, especially in case of highly complex 
products where they could be carried out module by module 
[13]. 
3.1.1. Task definition 
The task has to be analyzed in its context. Then the 
requirements of the product can be finally defined in a 
requirement list and a first planning of the design process 
becomes possible. In this stage, the customers are very much 
involved [12,13]. 
3.1.2. Conceptual design 
Based on the requirements list, the necessary functions of 
the product are identified and subdivided into realizable sub-
functions respectively known subtasks. General solution 
principles are examined. The solution variant that meets the 
most important requirements is chosen. It forms the 
conceptual design which is illustrated by first sketches. 
[12,13] This decision takes technical as well as economic 
aspects into account [3]. 
3.1.3. Embodiment design 
The chosen solution variant is structured into modules that 
can be realized separately, e.g. groups of components and 
parts [3,12,13]. The essential components are specified and 
designed in detail [12,13]. Geometry and material are defined 
[13]. Thereby relevant parameters are e.g. manufacturing or 
recyclability (Design for X) [13,14]. Results are the 
(preliminary) product structure, which is represented in a bill 
of materials (BOM), technical calculations, and drafts. This 
sub-phase is essential regarding the influence on the final cost 
structure of the product [13]. 
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3.1.4. Final design 
In the last of the four sub-phases, all components of the 
product are designed in detail. The resultant product 
documentation includes e.g. the final BOM and all necessary 
drafts [3,12,13]. 
3.2. Design types 
Depending on the level of how familiar a company is with 
a desired product, three design types can be distinguished: 
new design, modifying/adapting design and variant design. 
They differ regarding the sub-phases which are carried out 
[13]. 
3.2.1. New design 
A product is designed more or less totally new. Similar 
products are not known in the company. All four sub-phases 
are carried out [13,15].  
3.2.2. Modifying/Adapting design 
In case of modifying/adapting design, a previously used 
solution principle is again the basis of a product. Based on an 
existing conceptual design, the tasks of the embodiment 
design and of the final design phase have to be carried out. 
But customer requirements can make it necessary to start a 
new design for e.g. additional or adapted functions [13,15].  
3.2.3. Variant design 
Variant design affects in general just the final design 
phase. Existing modules are used again, e.g. some measures 
have to be changed to meet customers’ requirements. This 
design type is typical for the regular use of modular systems 
[13,15]. 
3.2.4. Design types and modular systems 
Modular systems affect all three types, whereas module 
definition and design changes of modules are part of 
embodiment design and therefore in general just relevant for 
new design and modifying/adapting design. More or less, 
variant design just uses the predefined modules. 
4. The information demand and supply in the four sub-
phases 
Essential for a successful product development is not just 
the knowledge of the responsible design engineer but his 
analytic capabilities [12]. Therefore, the aim of this paper is 
not to show how skilled engineers could be substituted by less 
educated workers supported by a kind of all-knowing 
information supply system. They should rather be supported in 
conducting their tasks and making their decisions by providing 
the necessary information.  
To be capable of carrying out the tasks mentioned above, 
the person in charge needs relevant information. Thus, the 
information demand of the four sub-phases is examined. Then 
it is outlined where the demanded information is available. 
4.1. Task definition 
In this early stage, customer’s requirements are the central 
desired information. So the relevant information is first of all 
situated outside the company. Usually, this information is 
issued by the customer in a specification list and then detailed 
further in cooperation [see also e.g. 12,13]. Information from 
previous projects can support this. For the planning of the 
following design process, it is necessary to estimate 
development time and costs. Existing projects and their 
documentation can provide valuable information and can be 
used as a basis for planning.  
Enterprise resource planning (ERP) systems usually 
provide time and cost information, whereas technical 
documentation can usually be accessed via systems with 
product data management (PDM)/ product lifecycle 
management (PLM) functionality. 
4.2. Conceptual design 
In this sub-phase, possible solutions have to be identified 
and selected. This task can be supported in several ways. 
Sometimes collections of past solutions are available. 
Material from earlier projects can be used. Technical 
information (3D models, drafts, BOMs, technical calculation 
etc.) is usually available in systems with PDM/PLM 
functionality. This could also be a simple file system where 
the data from the system of origin, e.g. drafts generated with a 
computer aided design (CAD) system, is stored. 
For the selection between different solution possibilities, 
information regarding different kinds of costs is essential. 
This includes e.g. estimated production costs but also costs 
regarding further product development. Such economic data is 
usually stored in systems that represent the business 
perspective, e.g. ERP systems. 
4.3. Embodiment design 
A product can be structured depending on different 
focuses, e.g. production of parts, assembly, but also 
serviceability. Therefore, information regarding components 
that have been produced in the past and their specific 
functions and parameters is required. The internal and 
external production possibilities are an important issue as 
well. Experience regarding e.g. assembly processes is 
necessary.  
Technical information can be accessed via PDM or CAD 
systems as in the previous sub-phase. Cost information as 
well as economic or organizational data from manufacturing 
(working schedules etc.) is available via e.g. ERP systems 
(computer aided planning (CAP) functionality can be included 
in ERP systems). Technical information from manufacturing 
is available via e.g. computer aided manufacturing (CAM) 
systems. 
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4.4. Final design 
Detailing the design has to be done in accordance with 
design standards. Technical standards and norms from outside 
the company and the ones issued by the company itself can be 
accessed via databases or are included in CAD systems. 
Existing products and their parameters are necessary to prove 
if they can be reused and if changes are necessary. Existing 
3D models and drafts etc. can be accessed via CAD systems 
or are available via PDM/PLM systems or PDM/PLM 
structures. CAM, ERP, and PDM/PLM systems can be used 
as in the previous sub-phase. 
5. The current situation in information supply 
The previous section has outlined that all the required 
information can be accessed in some way, but the following 
points remain: 
x Information is often spread across different IT systems. 
x Information is often spread across different organizational 
units/departments. 
x Information is often just implicitly available in the 
experience of persons.  
These points show that the access to the needed 
information is often just possible by personal contact. 
Therefore, a single access point seems to be reasonable. 
Especially as such an easier access may reduce costs of 
developments. It could also become economic to access 
information that has not been used yet because the access was 
too expensive or just not possible for organizational reasons. 
Maybe the information’s existence was even unknown. 
Essential for keeping the number of product variations 
small is to reuse products or their components. Thus, it is 
necessary to browse existing products. The previous section 
pointed out, that two main perspectives may provide relevant 
information: engineering and business.  
5.1. Business perspective 
It is possible to search for certain components in e.g. ERP 
systems, but just on an abstract level. This situation is 
illustrated in Fig. 3. It shows an exemplary product structure 
as determined in the sub-phases embodiment design and final 
design. Such a product structure often reflects the structure 
which is the basis for the storage of the relevant data in the 
systems.  
The different components are represented by knots in the 
product structure [16,17] and each knot is represented in the 
system. They are connected with each other. Parts are 
produced out of raw material and can become another part by 
a transformation process (e.g. adding holes). And they can be 
combined to groups in an assembly process [16,17]. These 
relations are represented in the system as well. 
In the system, information can be attributed to these knots. 
This may include different sorts of costs (e.g. manufacturing 
costs, purchasing costs), working schedules, but also technical 
information such as drafts. 
 
Fig. 3. An exemplary product structure [18]. 
Companies use classification systems to organize their 
parts. Components are categorized e.g. by type. For such a 
system, a defined nomenclature is mandatory. Classification 
systems can be reflected by number systems and it is possible 
to search via defined names. Therefore, such a search is based 
on the nomenclature and not on technical parameters. 
As shown above, relevant data can be accessed via 
systems, but just on a relatively abstract level. Technical 
information is also available but just to a certain degree. For 
example, drafts are attributed to the different components. But 
they have to be checked manually in order to acquire the 
needed information. 
5.2. Engineering perspective 
In the technical area, information of previous products can 
be available in PDM/PLM systems or directly in CAD 
systems. It is either possible to access 3D models directly or 
to use drafts which are available as digital data. Calculations 
and simulation documentation can be available as well in 
PDM/PLM systems.  
A 3D model of the whole product can be divided into its 
components and the 3D models of the different components 
form the whole product, respectively. It is possible to search 
for previous products and components in PDM/PLM systems, 
e.g. by classification systems as mentioned for the business 
department.  
The very essential cost information is largely missing. This 
information is sometimes available in PDM/PLM systems, but 
as cost management is generally a functionality of ERP 
systems, the granularity depends on the product structure of 
the ERP system. The origin of cost information is the ERP 
system where it is recorded and from where it can be 
transferred to PDM/PLM systems. The interview analysis 
lined out that it is essential, especially in early phases of 
product development, to have historic values of previous 
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different solution possibilities. Therefore, it is necessary to 
have the cost information available, and to be able to estimate 
the costs of changing technical parameters. But regarding the 
systems, there is often a gap. Companies try to fill this gap by 
developing proprietary systems. 
In summary, the technical view may consider relevant 
technical information, but the connection with economic data 
is missing or not sufficient. 
6. Concept proposal 
The results of the literature review and of the interview 
analysis show that a further integration of the technical as 
well as the economic view is necessary.  
In the business perspective, an established concept for 
decision support is Business Intelligence. This concept 
includes the integration of the relevant data from various 
systems of the business perspective, e.g. ERP systems. The 
data is transferred via ETL processes (extract, transform, 
load) into a so called data warehouse (DWH). The data from 
different internal and external sources is harmonized, e.g. with 
regard to granularity, syntax, and semantics, and therefore 
comparable [19].  
A possible way to combine information from engineering 
and business perspective is by using the feature technology 
[20]. Feature technology is in general the basis of 3D models 
in CAD systems. “Features are technical information items 
which represent one or more products in the (technical) region 
of interest” [21] (p.10). A feature does include geometric 
items and can include semantic information as well [21]. This 
offers a wide range of possibilities. Additional information 
can be added to geometric items. For example, the diameter of 
a hole is attributed to the hole itself. This is the basis of most 
CAD systems. Regarding the problem of a lacking integration 
between engineering and business perspective, feature 
technology can be used to add economic information as well. 
The product structure of ERP systems can be joined with 
attributed information as features [18], see Fig. 4. Each 
component can be linked with its costs, with the technical 
features that are part of it, and with the costs of the features.  
 
Fig. 4. An enriched product structure with features. 
Hence, it is possible to combine technical information as 
well as economic information, but in a way that the 
information can be searched directly via the Business 
Intelligence infrastructure. It is not necessary to open drafts 
etc. and to analyze them manually.  
7. Application possibilities 
The concept proposal can be used in various application 
possibilities. Some examples are outlined hereafter. 
7.1. New Design 
It is a great help to be able to browse existing modules, 
especially in an early stage in case of a new design. This 
makes it possible to look for existing modules which fulfill 
certain required functions or specifications which are close to 
a suitable solution, even in the conceptual design phase.  
If an existing module has the needed specifications, it can 
form the basis for the whole product, all other modules and 
components can be tailored to this starting point in the later 
phases. Apart from this technical view, it is also possible to do 
a first calculation which can be based on historic costs of the 
module (e.g. for manufacturing, maintenance etc.) and 
enlarged by estimates. A calculation may also result in the 
decision against reusing an existing module. It can be more 
economic to design a new module for this special function, 
because otherwise the costs for the rest of the product would 
increase. This reveals that a solely technical view is 
insufficient. An integration of the economic view is 
mandatory.  
If no existing module fits the specifications, maybe some 
are nearby. It is possible to search for the module which fits 
the needed specifications best. This may then be used for a 
first calculation. If this module shall be part of the new 
product, it has to be modified in the embodiment and final 
design phase in order to fit the needed specifications. 
Therefore, an appropriate access to existing modules could 
make it possible to reduce the number of totally new designed 
products by focusing on reusing and modifying existing 
modules. This can help to keep the total product costs small. 
If no existing module shall be reused or modified, the 
approach can assist in the embodiment and final design phase. 
Problematic combinations of features can be identified and the 
user can be warned. Such problematic combinations can be 
defined by repeated manufacturing problems with these 
combinations in the past. Another reason could be a high 
maintenance necessity. This view can be extended by similar 
combinations which tend to be problematic. 
7.2. Modifying/Adapting design 
It can be necessary to modify existing modules. Essential 
for such decisions are the questions to what extend other 
products are affected and what the costs of these design 
modifications are. The relevant products can be identified, but 
also the features which separate the products from each other. 
Potential results of modifications can be evaluated based on 
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problematic combination of features. It is possible to estimate 
the changes of certain technical parameters on the cost 
structure, e.g. manufacturing costs may increase. Thus, an 
evaluation of different modification variants is possible. 
The approach can also be used to reduce the total number 
of modules by merging different modules. Similar modules 
can be identified based on the combinations of features. The 
necessary modifications can be identified as described above 
and their effects on other areas can be estimated. For example, 
a merging can have an increase in manufacturing costs and 
thereby is not economic from this point of view. An addition 
of the warehousing perspective can change this result, because 
the reduction of the total number of modules does result in a 
much larger decrease of warehousing costs than in an increase 
in manufacturing costs. This may be due to less different 
modules that have to be stored as spare parts. 
7.3. Variant design 
Even small changes of existing modules can have large 
impacts. The technical and economic effects can be estimated 
as mentioned above. Possible problems, e.g. problematic 
feature combinations, can be identified. 
7.4. Further application possibility 
The possibility to identify problematic combinations of 
features can assist in further projects as design guidelines can 
be specified on this basis. 
8. Summary and Recommendations 
Companies are under constraint to offer an increasing 
number of individualized products demanded by customers, 
but also have to keep the variety of components small for 
economic reasons.  
This paper outlined the tasks of product development 
which had been identified from literature. Afterwards, the 
information demand of product development was determined 
by analyzing several interviews with experts of product 
development or manufacturing of the German mechanical 
engineering industry. As a next step, the information supply 
was examined. The interview analysis demonstrates that there 
is a large gap between engineering and business perspective. 
The lack of integration between the IT systems of these two 
areas obstructs an adequate supply of product development 
with the relevant information. A possible IT-based solution to 
integrate these areas is a Business Intelligence based 
approach. Such an approach is able to enrich established 
Business Intelligence infrastructures with technical data. 
Therefore, it seems to be qualified to be able to support 
decisions of product development in the situation of an 
increasing number of individualized products on the one hand 
and of coping with component variety on the other hand. 
Some application possibilities for such an approach were 
discussed. They reveal that the approach can support the 
information supply for product development. 
In a next step, extensive and concrete scenarios have to be 
developed based on the application possibilities. Such 
scenarios can be used as a basis to extend the concept proposal 
to a concept which can be evaluated. 
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